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Ecology of Cryptocoryne auriculata Engler in Pakan, Sibu, Sarawak 
Jaerah Mohidin 
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ABSTRACT 
The ecological study of Cryptocoryne auriculata was conducted at Sg. Gamalat and S~. Tajuk, 
Pakan, Sibu, Sarawak. The total number of plant at Sg. Gamalat was 72 plants/0.5m and 50 
plants/O.5m2 at Sg. Tajuk Dry weight ratio for leaf, petiole and root were not significantly 
differed between the two locations. Total dry weight, dry weight for leaf, petiole and root, leaf 
area ratio and specific leaf area were significantly differed between Sg. Gamalat and Sg. Tajuk. 
There was a total 107 trees from 37 species were recorded from five plots in area with in the 
presence of C. auriculata. The five most dominant species were Shorea macrophylla (IV= 
29.57). Duriozibethinus (lV=18.66), Saraca declinata (rv= 18.27), Shorea seminis (lV= 15.53) 
and Nephelium lappaceum (rv= 13.56). The total above ground biomass was 133.72 tonlha. 
Shorea macrophylla had the highest biomass (17.93 tonlha) while Desmos dasymaschala had the 
lowest biomass (0.04 tonlha). Stomatal index were higher at Sg. Tajuk compare at Sg. Gamalat. 
Soil analysis at Sg. Tajuk showed that pH value was 5.5 and nitrogen content was 0.1 %. Total 
organic carbon was 1.04% and calcium has the higher ion exchange. Sand (fine) was the higher 
percentage (58.52%) compare with sand-coarse (32.64%), silt (5.20%) and clay (3.64%). 
ABSTRAK 
Kajian ekologi Cryptocoryne auriculata telah di jalankan di Sg. Gamalat dan Sg. Tajuk. Pakan. 
Sibu. Sarawak. Bilangan C. auriculata yang terdapat dalam plot 0.5m2 di Sg. Gamalat adalah 
72 pokok manakala 50 pokok di Sg. Tajuk. Nisbah berat daun. petiol dan akar adalah tidak 
signijikan antara dua lokasi. Jumlah berat kering. berat kering bagi daun. petiol dan akar. 
nisbah lUGS daun. dan luas daun spesijik adalah signifikan. Terdapat 107 pokok daripada 37 
spesies yang telah direkod dalam lima plot yang terdapat C. auriculata. Lima spesies yang 
paling dominan adalah Shorea macrophylla (IV= 29.57). Durio zibethinus (IV=IS.66). Saraca 
declinata (IV= IS.27). Shorea seminis (IV= 15.53) dan Nephelium lappaceum (IV= 13.56). 
Jumlah biojlsim atas tanah adalah 133.72 tanlha. Shorea macrophylla mempunyai biojisim 
tertinggi (l 7. 93tanlha) manakala Desmos dasymachala mempunyai biojisim terendah (0.04 
tanlha). Indeks stomata adalah yang tertinggi di Sg. Tajuk berbanding di Sg. Gamalat. Analisis 
tanah di Sg. Tajuk menunjukkan nilai pH adalah 5.5 dan kandungan nitrogen adalah 0.1%' 
Jumlah karbon organic adalah 1.04% dan pertukaran ion adalah tertinggi di dalam kalsium. 
Tanah pasir halus mempunyai peratusan tertinggi (5S.52%) berbading tanah pasir kasar 




Cryptocoryne (Araceae) is locally known as 'Kiambang Batu' (Malay) or 'Kelatai' (Iban). Most 
of the species recorded in Malaysia are endemic and threatened species (Jacobsen, 1985). Most 
Cryptocoryne are native to Southeast Asia and Indonesia, and grow in either the submersed or 
immersed state (Michael et aI, 1999). The Cyptocoryne grow on stony to sandy ground in more 
or less shaded habitats and in smaller or larger river with rather fast running water (Jacobsen, 
1985) 
According to Jacobsen (1976), most Cryptocoryne is commercially used as aquarium plants. 
Cryptocoryne species most sold in the United States as collected from natural population, 
imported, and grown to a salable size in cultural tan1e Unreliable supply from the export 
countries combined with frequent loss of plants to poorly characterized diseases can decrease the 
availability of quality aquatic plants (Michael et aI, 1999). There are many river in Malaysia had 
discover in order to get the Cryptocoryne species for commercial resources as aquarium plants 
(Mansor & Masnadi, 1994). 
The rapid economic development and riverine habitat destruction are frequently reported to 
endanger the Cryptocoryne population (Mansor et aI, n.d.). The endangered status of certain 
Cryptocoryne species further complicates supply problems (Mansor & Masnadi, 1994). Beside 
that agriculture, rainforest logging and highway construction causes the streams and rivers 
gradually polluted. 
According to Douglas et at. (1995), deforestation and logging have resulted in changes of the 
river flow and sediment discharges. Consequently, habitats for the Cryptocoryne species are 
threatened. If no appropriate measure is taken in safe guarding the species, almost all the genus 
Cryptocoryne could face extinction. This study was conducted to determine the distribution, 
morphological and anatomical characteristic of the Oyptocoryne auriculata in Sarawak. 
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MATERIALS AND METHODS 

Study area 
This study was conducted at Sg. Gamalat and Sg. Tajuk at Pakan, Sibu. Recorded on the 
presence of Cryplocoryne auriculala at Batang Wong by 1. b. Ipor (personal communication) but 
the population was unfortunately demolished due to bridge construction nearby. 
Morpbological Study 
The flowering plants of C. auriculala that was collected In the field were subjected to 
morphological characteristic inspection. The identification IS to recognize the vegetative 
characteristics like the number of the leaf, length and width of the leaf, length of the petioles and 
roots. The characteristics of flower were also detennined. 
Anatomy Determination 
The anatomical study was done in a science laboratory at UNIMAS. For this study, the preserved 
specimens (leaves, petioles and roots) used. Anatomy for the leaves based on Cutler's (1978) 
method. 
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The leaves cut into lcm2 (apex, middle, and base) and washed with distilled water. Then, the 
leaves were inserted into 45-50 ml 15% nitric acid and boiled to separate upper and lower layer. 
After that it washed with distilled water and immersed in 5% nitric acid for 30 seconds. Next, the 
leaves were inserted into natrium hypochlorite solution for 30 minutes followed by wash it with 
distilled water (2 times). 
Then, the leaves were immersed in ethanol for two minutes and safrine about ten minutes. The 
leaves after that dehydrate in a series of ethanol (30%, 40%, 50%, 60%, 70%, 80%, 95% and 
100%) respectively for five minutes. The sections were fixed in euparal, covered with a cover 
slip and smeared with Canada Balsam. The slides were dried on a hot plate about 7 days or till it 
dries. 
Lastly the slides were observed under the light microscope (Leica Leitz Labor Luws) with 10 x 
40 lens to detennine the epidennis cell, types of stomata cell and recorded the length and with of 
epidermis cell, guard cell and subsidiary cell .The data that obtained from the observation of 
stomata cell, stomata index (I) were calculated based on Salisburg's (1972) fonnula. 
Stomata index (I) = [ S / (E + S) ] 
Whereby, S = Stomata cell total and E = Epidennis cell total. 
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Distribution and Biomass Allocation of C. auriculata. 
The total coverage of the patches of C. auriculata measured and quadrate of 1 m x 1 m 
established. The totals of C. auriculata were counted and 20 individuals were randomly selected 
to detennine the leaf length, width and number. The dry weight of the petiole, leaves, and root 
were determined after kept in oven for 7 days at 60°C. Biomass distribution pattern were 
compared with mathematical growth analysis (Peterson & Flint, 1983). 
Leaf Weight Ratio (LWR) = L / T (gig) 

Petiole Wight Ratio (PWR) = P / T (gig) 

Root Weight Ratio (RWR) = R / T (gig) 

Specific Leaf Area (SLA) = W / L (cm2) 

Leaf Area Ratio (LAR) = W / T (cm2/g) 

Whereby T = Plant weight Total, L = Leaf weight total, P = Petiole weight total, R = Root 
weight total, and W = Leaf area total for total of plants. 
Floristic Composition and Total Above Ground Biomass Estimation. 
Five plots of 20m x 10m were randomly established in site the presence of C. auriculata. All 
trees at diameter at breast height (DBH) ~5cm were enumerated. The assessment of dominant 
species was determined based on relative frequency (Rt), relative density (Rd), relative 
dominance (RD), and importance value (IV) by following methods developed by Brower's et ai, 
(1990). 
Rf = 100 x f / Tf 

Rd = 100 x d / Td 

BA = 0.7854 (dbh) 2 

RD = 100 x BA / TBA 





Whereby, Tf = Frequency total, F = Frequency, Td = Density total, d = Species density, BA = 
Basal area, dbh = Diameter at breast height, and TBA = Total basal area. 

Biomass estimation and leaf area index were measured with the same fonnula based on 

Yamakura et at. (1986). 
W = 2.903 X 10.2 (D2H) 0.9813 (kg) 

Ws = 0.1192 (Ws) 1.059 (kg) 

WL = 9.146 X 10.
2 (WTc) 0.7266 (kg) 

Biomass = Ws + Ws + WL (kg) 

J.l = 11.670 (WL) 0.9412 (cm
2/m2) 
Whereby, Ws = Strip dry weight, Ws = Branch dry weight, WL = Leaf dry weight, D = Diameter, 
h =Height, J.l = Leaf area index, and TC = Accumulation of W s + WB per tree. 
Soil Analysis 
The sample of soils was taken at the each of the plots. The soils were dried at room temperature 
about two weeks and then sieved. The sample were passed to the Agriculture Research Centre at 
Semongok for chemical analysis like pH, soil organic carbon, the total of nitrogen, cation 






Description ofC. auriculata collected at Sg. Gamalat 
The habit of C. auriculata is aquatic and rhizomatous herbs. Rhizome shorts, rugged, 5.78 ± 
1.85cm long. Cataphylls only present in flowering plants about 3.0 ± 0.1 cm. Leaves green, 
smooth and rather stiff, upper side silvery green with irregular, slanting and dark green marking; 
margin entire and the lower surface green with dark red tinges; blade stiff, cordate shaped, with a 
cordate base and cuspidate apex, 6.69 ± 0.25cm long, 3.0 I ± 0.12cm broad, plinerved venation; 
petioles white to green in color, 6.97 ± 0.35cm long. 
Spathe 5.5cm long, shortly pedicellate, red purple to dark purple in color; kettle 1.00m long, 
white in color: tube 3.0cm long, upper part red purple in color on the outside, whitish at lower 
part; limb 5cm long, black purple in color, narrowly ovate, collar zone prominent, same color as 
the limb. Spadix OAcm long, white in color. Female flowers 6, stigmas ovate. Olfactory bodies 
rounded. Male flowers are more than 30, smooth syncarp and yellow in color; style is white in 
color but the pistil is pale green. 
Habitat: On sandy ground in more shaded habitats, in smaller river with clear running water. It 
grows up on the riverbank (rheophytes) with the vegetation more temuda and engkabang trees. 
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Description ofC. auriculata collected at Sg. Tajuk 
The observation for C. auriculata from Sg. Tajuk only implicate on the vegetative characteristics 
because of there are no inflorescence. Rhizome shorts, rugged, 3.48 ± 1.14cm long. Leaves 
green, smooth and rather stiff, upper side silvery green with irregular, slanting and dark green 
marking; margin entire and the lower surface green with dark red tinges; blade stiff, cordate 
shaped, with a cordate base and cuspidate apex, 5.22 ± 0.33cm long, 2.60 ± 0.12cm broad, 
plinerved venation; petioles white to green in color, 5.99 ± 0.50 cm long. 
Habitat: On sandy ground in less shaded habitats, in smaller river with running water. It grows 
up on the riverbank (rheophytes) with the vegetation more ensurai and engkabang trees. 
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Table 1: Morphological characteristic of C auriculata at Sg. Gamalat and Sg. Tajuk. 
Description Location 
Sg. Gamalat Sg. Tajuk I 
Habit Aquatic and rhizomatous herbs Aquatic and rhizomatous 
herbs 
Rhizome 5.78 ± 1.9cm long 3048 ± l.lcm long 
Cataphylls 3.0± O.lcm -
Leaf color Silvery green in with dark green Silvery green in with dark 
marking (upper) and green with green marking (upper) and 
dark red tinges (lower) green with dark red tinges 
(lower) 
Shape Cordate I Cordate 
Apex Cuspidate Cuspidate 
Base Cordate Cordate 
Surface Smooth Smooth 
Margin Entire Entire 
Venation Plinerved Plinerved 
Leaf measurement 6.69 ± 0.3cm long 5.22 ± 0.3cm long 
3.01 ± O.lcm broad 2.60 ± O.lcm broad 
Petiole color White to green White to green 
Petiole measurement 6.97 ± OAcm 5.99 ± O.5cm 
Inflorescence: -
Spathe 5.5cm long, shortly pedicellate, 
red purple to dark purple in color 
Kettle 1.Ocm long, white in color -
Tube 3.0cm long, upper part red -
purple in color on the outside, 
whitish at lower part 
Limb 5cm long, black purple in color, -
narrowly ovate 
Collar prominent, same color as the -
limb 
Spadix O.4cm long, white in color -
Staments Yellow, more than 30 -
Stigma 6, ovate -
Style White -
Pistil Pale green -
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Anatomy Determination 
Stomata were found on both surfaces, upper and lower of the leaves. This can be categorized as 
amphistomatic. According to Rudall (1992), stomata occur on most of the plant surface above 
ground, especially on green photosynthetic stems and leaves, but also on floral part. Stomata 
type was paracytic that with more subsidiary cells at either side of the guard cell. The number of 
stomata on the lower was more than the upper surface. 
Figure la showed that on the upper surface, stomata were more at Sg. Tajuk compare with Sg. 
Gamalat. The number of stomata at Sg. Gamalat were 193 (apex), 160 (middle) and 139 (base) 
on the upper while 337 (apex), 628 (middle) and 444 (base) on the lower surface. Sg. Tajuk 
showed that 617 (apex), 545 (middle) and 346 (base) on the upper but 818 (apex), 834 (middle) 
and 704 (base) on the lower surface. 
The shaped of the epidennis cell is rectangular with arrangement linear, elongate cell. The 
acticlinal cell wall pattern ( cell outline) was straight. There were thickened areas for surface 
ornamentation. The epidennis cells measurement based on the length and width. The length and 
width for upper and lower surface were not significantly different between Sg. Gamalat and Sg. 
Tajuk (Figure Ib). The length was 81J..lm and width was 43J..lm for upper surface while for lower 
surface, the length was 85J..lm and width was 44J..lm at Sg. Gamalat. 
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At Sg. Tajuk, the length was 82~m and width was 43 ~m for the upper surface while for the 
lower surface, the length was 83~m and width was 43~m. 
The position of the guard cell was raised with plain ornamentation for outer stomata. There was 
not significantly different between the two locations for length and width on both surface of 
guard cell (Figure Ic). The length of guard cell for both surfaces at Sg. Gamalat and Sg. Tajuk 
were 44J.lm while the width of guard cell for both surfaces at Sg. Gamalat and Sg. Tajuk were 
13J.UU and 14J.lm. 
Type of arrangement for subsidiary cell was paratetracytic type that there were two elongate cells 
lateral and paraUel to the guard cell with two narrow polar cells. The length and width were not 
significantly different on both surfaces at Sg. Gamalat and Sg. Tajuk (Figure Id). On the upper 
surface, the length was 50~m at Sg. Gamalat and Sg. Tajuk while on the lower surface were 
47J.UU (Sg. Gamalat) and 48~m (Sg. Tajuk). The width was I5~m for both surfaces at Sg. 
Gamalat and Sg. Tajuk. 
Stomatal index (I) for C. auriculata on the lower surface was more than the upper surface at both 
locations. Table 2 showed that, at Sg. Gamalat the stomatal index for apex were 0.004 (upper) 
and 0.012 (lower). On the middle of the leaf, on both surfaces were 0.003 (upper) and 0.013 
(lower) while on the base were 0.002 (upper) and 0.009 (lower). 
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As can be seen at Sg. Tajuk, stomatal index were higher than Sg. Gamalat on both surfaces. On 
the apex, stomatal index were 0.016 (upper) and 0.024 (lower) while the middle were 0.012 for 










Figure I: The anatomical characteristic of C. auriculata at Sg. Gamalat and Sg. Tajuk, Pakan, 
ibu (la= total stomatalcm2; lb= length and width of epidennis cell/cm2; lc= length and width 
ofguard celllcm2; 1 d= length and width of subsidiary cell/cm2). 
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Table 2: Stomatal index (I) for C. auriculata at Sg. Gamalat and Sg. Tajuk 
Sg. Tajuk Sg. Gamalat 
No. of No. of StomataNo. of Stomata No. of 
Index (I)Epidennal Index (I) EpidennalStomata Stomata 
cell cell 
44472 0.004 617 38621 0.016193Apex (upper) 
28577 0.012 818 32746 0.024337Apex (lower) 
43332160 50074 0.003 545 0.012Middle (upper) 
834 35956 0.023628 48313 0.013Middle (lower) 
0.002 346 70509 0.005139 62083Base (upper) 
54928 0.013444 51493 0.009 704Base (lower) 
14 
(Figure 2b). 
20). The total dry weight 
(8.67g) (Figure 2t). 
DIstribution and Biomass Allocation of C. auriculata. 
C. auriculata at Sg. Gamalat and Sg. Tajuk were found at the riverbank on clear running water. 
This can be categorized as rheophytes habitat (Jacobsen, 1985). The total plant of C. allriclilata 
in 0.5m2 plot was 72 plants at Sg. Gamalat but only 50 plants at Sg. Tajuk (Figure 2a). The total 
number of the leaves was also difference such as 348 leaves at Sg. Gamalat and 209 at Sg. Tajuk 
As shown in Figure 2c, Sg. Gamalat has the highest leaves dry weight (15.26g) compare with Sg. 
Tljuk (0.65g). The petioles dry weight was 9.34g at Sg. Gamalat but only 3.08g at Sg. Tajuk 
(FIgUre 2d). Sg. Gamalat had 1O.35g for roots dry weight as compared 1.98g at Sg. Tajuk (Figure 
was the highest at Sg. Gamalat (34.95g) compare with Sg. Tajuk 
The biomass allocation assessment was based on leaf weight ratio (L WR), petiole weight ratio 
) root weight ratio (RWR), leaf area ratio (LAR) and specific leaf area (SLA). The LWR, 
PWR and RWR were not significantly different between the two locations. As shown in the 
Piaure 38, the LWR at Sg. Gamalat was 0.48 ± 0.04 while at Sg. Tajuk was 0.42 ± 0.03. Figure 
shows that the PWR at Sg. Gamalat was 0.24 ± 0.02 while at Sg. Tajuk was 0.35 ± 0.04. The 
It Sg. Gamalat was 0.28 ± 0.03 but Sg. Tajuk had 0.23 ± 0.04 (Figure 3c). 
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The LAR and SLA were significantly different between the two locations. Sg. Tajuk had higher 
LAR (249.1 ± 35.43cml/g) than those from Sg. Gamalat (135.38 ± 14.49cm2/g) (Figure 3d). The 
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2: The morphological characteristic of C. auriculata at Sg. Gamalat and Sg. Tajuk, Pakan, 
(2a= total plants/0.5m2; 2b= number of the leaflO.5m2; 2c= leaf dry weightlO.5m2; 2d= 







'0 ~ 200 










~ ~ 20 































































auriculata at Sg. Gamalat and Sg. Tajuk, 
Sibu. (3a= leaf weight ratio; 3b= petiole weight ratio; 3c= root weight ratio; 3d= leaf area 
mel 3e= specific leaf area). The vertical bars are the value of standard error. 
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I&lI"htic Composition and Total above Ground Biomass Estimation. 
forest at Sg. Gamalat and Sg. Tajuk were the secondary forest after several years of shifting 
cu1·vation. According to Jacobsen (1985), all the C. auriculata habitats possess under the thick 
except at the river estuary. Manshor and Masnadi (1994) states that only river in rubber 
estate can support Cryptocoryne growth. Thus, the tree and herbs that grow surrounding give the 
important canopy for C. auriculata shelter. 
five dominant species in the surveyed area with presence of C. auriculata were Shorea 
mtIC'Ophylia (IV= 29.57), Durio zibethinus (IV=18.66), Saraca declinata (IV= 18.27), Shorea 
raainis (IV= 15.53) and Nephe/ium lappaceum (IV= 13.56) (Table 3). The numbers of tree were 
10 9 8 and 6 respectively. Shorea macrophylla species had high relative density (Rd= 13.08) 
relative frequency (Rf= 5.97). 
Plarafixe, S. microphylla is likely an important speCies as the shelter for C. auriculata 
_bIiIbmlent. The shelter that forms by trees and emergent species along the riverbank are the 
manner for control the aquatic plants growth (Dawson et al., 1979). Jacobsen (1985), the 
rtwt0c41H'}'11e were growing on the banks of the river and sheltered places formed large carpets. 
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